Plasmid RSF0885, which conferred ampicillin resistance, transformed competent Haemophilus influenzae cells with low efficiency (maximum, less than 0.01%). As judged by competition experiments and uptake of radioactivity, plasmid RSF0885 deoxyribonucleic acid was taken up into competent H. influenzae cells several orders of magnitude less efficiently than H. influenzae chromosomal deoxyribonucleic acid. Plasmid RSF0885 transformed cells with even lower efficiency than could be accounted for by the low uptake. Transformation was not affected by rec-1 and rec-2 mutations in the recipient, and strains cured of the plasmid did not show increased transformation. Plasmid molecules cut once with a restriction enzyme that made blunt ends did not transform. Transformation was favored by the closed circular form of the plasmid.
Plasmid RSF0885, which conferred ampicillin resistance, transformed competent Haemophilus influenzae cells with low efficiency (maximum, less than 0.01%). As judged by competition experiments and uptake of radioactivity, plasmid RSF0885 deoxyribonucleic acid was taken up into competent H. influenzae cells several orders of magnitude less efficiently than H. influenzae chromosomal deoxyribonucleic acid. Plasmid RSF0885 transformed cells with even lower efficiency than could be accounted for by the low uptake. Transformation was not affected by rec-1 and rec-2 mutations in the recipient, and strains cured of the plasmid did not show increased transformation. Plasmid molecules cut once with a restriction enzyme that made blunt ends did not transform. Transformation was favored by the closed circular form of the plasmid.
It has been known for some time that foreign DNA is usually taken up poorly by competent Haemophilus influenzae cells (16, 17) . Efficient uptake of DNA by these cells requires that the DNA contains a specific sequence of 11 base pairs (21) , which is usually not present in foreign DNAs. In this work we studied plasmid RSF0885 (5) , which has a molecular weight of 3.7 x 106 (20) and is transformed poorly in H. influenzae strain Rd. Our data indicated that there was poor uptake of this plasmid by competent H. influenzae cells; in addition, the establishment of this plasmid in cells was apparently not nearly as efficient as transformation by chromosomal DNA. We also found that the blunt-end linear form of the plasmid did not transform at all and that the closed circular form was somewhat better for transformation than open circular molecules.
MATERIALS AND METHODS Microorganisms. Wild-type H. influenzae strain Rd, the mutant derivatives rec-1 (DB117) and rec-2, and the media used have been described previously (18, 19) . Strain BC200 (1) lacks an inducible defective prophage (2) . Phage HP1 cl and the lysogenization methods which we used have also been described previously (18) . A strain containing plasmid RSF0885 was obtained from Marilyn Roberts; this plasmid confers resistance to ampicillin. Plasmid RSF0885 was transferred into strain Rd for the experiments described here.
Transformation. We tried all previously described methods for making H. influenzae cells competent in an effort to obtain transformation that was as good as possible with plasmid DNA. These included the anaerobic-aerobic method (6), a modification of the diluted medium method (11) of Stuy (24) , the CaCl2 method (25) , and the MIV method (22) . The MIV method gave by far the best transformation frequencies, so this method was used for all of the studies described below. Preparation of plasmid DNA. We used a number of different methods, which were based on previously described procedures (8) (9) (10) 26 Gel electrophoresis. Gel electrophoresis was carried out in a 1% agarose gel horizontal system, as described previously (13) .
Restriction endonuclease treatment of plasmid RSF0885. Pvull was purchased from New England Biolabs. The reaction was carried out for 3 h at 370C in a total volume of 0.05 ml containing 2.5 U of enzyme, 10 jig of plasmid DNA, 6 mM Tris buffer (pH 7.5), 6 mM MgCl2, 6 mM beta-mercaptoethanol, 100 yg of bovine serum albumin per ml, and 6 mM NaCl.
Electron microscopy. Supercoiled plasmids were relaxed by mixing them with ethidium bromide (300 jig/ml) and then irradiating the mixture with a 100-W incandescent bulb at a distance of 3 inches (7.6 cm) for 24 h. The ethidium bromide was removed with 2- butanol, followed by ethanol precipitation. Samples were spread in 40% (vol/vol) formamide, as described previously (4) . The grids were stained with uranyl acetate and shadowed with a Pt-Pd mixture (4:1) at an angle with a tangent of 1/8. The frequencies of multimer circles in plasmid preparations were determined by scanning populations of 4,000 plasmids.
RESULTS
Effect of plasmid DNA concentration on transformation. Figure 1 shows that transformation ofcompetent wild-type cells to ampicillin resistance by RSF0885 DNA was related approximately linearly to plasmid DNA concentration and that transformation began to be saturated at a concentration of about 2 ,ug/ml. From 1 usg of plasmid DNA per ml approximately 104 transformations per ml were obtained. This is more than three orders of magnitude lower than the level of transformation by chromosomal DNA (3). The fact that the efficiency of transformation (number of transformants per microgram of DNA) did not increase with increasing concentration suggested that no more than one molecule was required for each successful transformation.
Rec independence of transformation. Ta mutant or the rec-2 mutant, although chromosomal transformation in these strains was (rec-1) and i07 (rec-2) of the wild-type frequency and transfection by phage DNA was depressed profoundly in these strains (14) . Cells transformed by plasmid RSF0885 are not a genetically special fraction of the population. One possible explanation for the low efficiency of transformation by plasmid RSF0885 DNA was that only a small fraction of the cells could be transformed by the plasmid, perhaps because only a small fraction of the cells did not restrict plasmid DNA. To test this hypothesis, we attempted to obtain cured strains that had lost the plasmid originally obtained by transformation. The plasmid was extraordinarily stable even when.cells were grown without ampicillin. For example, after many generations of growth without the antibiotic, no ampicillin-sensitive single-colony isolates were found among 62 tested. Plasmid-bearing cells were also grown overnight in a high concentration of acridine orange(83 ,ug/ml); 5 ampicillin-sensitive isolates were found among 756 isolates tested from three different treated cultures. Transformation of these strains, which did not contain plasmids, as determined by their gel patterns, was indistinguishable from transformation of the wild type (data not shown).
Competition between plasmid DNA and chromosomal DNA. Figure 2 shows that chromosomal DNA competed very effectively with plasmid DNA, so that when the concentration of each DNA was 10 ,ug/ml, plasmid transformation was not observed. Chromosomal DNA totally eliminated the transforming activity (no transformants were detected from the cut molecules, representing less than 1% of the transformation from untreated plasmid DNA). Thus, linear plasmid DNA, which had blunt ends, could not transform for the plasmid marker, presumably because of the inability of the DNA to circularize after it entered a cell. In contrast, RSF0885 converted to the linear form by restriction endonucleases that make sticky ends was active in transforming Haemophilus parainfluenzae (7). It his been found that plasmids from competent cells are much more likely to be present as multimer circles than plasmids from exponentially growing cells (McCarthy, unpublished data). To determine whether plasmid transformation was favored by multiple forms, we compared two plasmid preparations which had approximately equal concentrations; one of these was from competent cells containing 2.0% dimers, as determined by electron microscopy, and the other was from exponential cells containing no detectable dimers. There were 3.2 x 103 ampicillin transformants per ml from the competent cell preparation and 1.3 x 103 ampicillin transformants per ml from the other preparation. These data suggested that plasmid transformation was not exclusively from multiple forms, but that multiple forms may have been favored.
In another experiment transformation from a plasmid preparation (10 ,tg in 0.5 ml) nicked with 5 ng of pancreatic DNase I (15 min at 370C) was compared with an unnicked control. There was about twice as much transformation from the unnicked preparation, suggesting that whereas both open and closed forms could transform, the closed circular molecules were somewhat more efficient (the difference in the ratio of open and closed molecules in the two preparations as seen on a gel was much greater than a factor of two).
Resident plasmid RSF0885 does not interfere with phage development or the frequency of chromosomal transformation. Two strains of BC200 lysogenic for phage HP1 cl, one containing RSF0885 and one without resident RSF0885, were induced to produce phage with mitomycin C, as previously described (18) . There was no difference in the phage yield. Also, chromosome transformation frequencies were not changed by the presence ofthe plasmid. DISCUSSION (7) (Table 2 ) may also result from the differing types of uptake mechanisms; however, this could also result from a heat-induced alteration in physiological state of the cells that might affect plasmid establishment.
Gromkova and Goodgal
The dose-response data in Fig. 1 show that at a concentration higher than about 3 x 1011 plasmid molecules per ml there is no further increase in transformation (calculated from the plasmid molecular weight of 3.7 x 106, as shown by measurements in the accompanying paper [20] ). Thus, even considering the low efficiency of uptake (around 1 in 100 molecules taken up), there should be more than one plasmid taken up per cell. However, only about 1 cell in 10,000 is transformed. These data suggest that establishment of the plasmid is a very inefficient process.
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